Lavandin is a well-known aromatic plant cultivated mainly for its valuable essential oil. Nonetheless, little attention has been paid so far to the quantification of other natural products such as polyphenols. Accordingly, we examined the effect of increasing doses of UV-B radiation on the main phenolic content, antioxidant activity and estimated biomass of one year old lavandin pots compared with pots grown outdoors. Significantly higher total phenolic content and concentration of main polyphenols have been found in outdoor plants. Rosmarinic acid has been described as the major phenolic compound in methanolic extracts (max. 25.9±9.7 mg/g -1 DW). Furthermore, we found that increasing doses of UV-B promote the plant growth of this species as well as the accumulation of phenolic compounds although with less antioxidant capacity in scavenging DPPH radicals. On the other hand, our results showed a remarkable variability among individual plants regarding the content of major phenolic acids. The application of UV-B doses during plant growth could be a method to promote biomass in this species along with the promotion of higher content of valuable secondary metabolites.
Lavandin is a sterile hybrid of Lavandula angustifolia Mill. (common lavender) and L. latifolia Medik. (spike lavender). Since ancient times both therapeutic and fragrance records have been reported for several species of Lavandula [1] . Accordingly, the use of L. angustifolia in modern phytotherapy is widely described. In contrast, the use of both lavandin and L. latifolia in this regards is far less reported. Lavandin is one of the most important aromatic plants cultivated mainly for its valuable essential oil which has as major components linalool and linalyl acetate [2] . Lavandin is more vigorous and shows higher yields than its parental species. In this way, lavandin plants have most-developed forms with homogeneous shape. Its flower stalks are also longer and pointed (60-80 cm) with a purple color characterized by the presence of two spikelets in the base. The global production of its essential oil reaches above 100 tonnes per year [3] being mostly cultivated in European Countries such as Spain, France and Italy. Several commercial varieties are available, with Abrial, Super and Grosso the most prevalent. Lavandin essential oil is consumed mainly by the perfume and cosmetics industry. As essential oil production is the most important aspect of the cultivation of lavandin, little attention has been paid so far to the presence of other valuable natural products such as phenolic acids, flavonoids and tannins, among others. Only antioxidant activity of green material from 'Budrovka' variety and the solid residues after distillation of essential oil from 'Super' variety have been investigated so far [4] . The cited authors concluded that the most abundant polyphenolic constituents were rosmarinic acid, chlorogenic acid, caffeic acid and ferulic acid, which make this taxon a good candidate for further research with a view to finding a source of bioactive compounds. As a consequence of the above, no references so far are available regarding the influence of abiotic factors such as dryness, salinity, temperature or UV-B on biomass and product quality in this taxon. Environmental conditions such as light intensity and light quality commonly influence the growth and development of plants. Although ultraviolet-B radiation (UV-B; wavelength 280-315 nm) represents only a small portion of the solar spectrum reaching the Earth´s surface, it has large biological effects [5] . Environmental factors that influence the UV-B level are the sun height (time of the day and time of the year), latitude, cloud cover, altitude, ozone levels and ground reflection. UV-B radiation, which has been identified as a common stress for plants during their growth, has in turn remarkable effects on defense-related secondary metabolite biosynthesis. UV-B has been described as an important factor enhancing the production of secondary metabolites. UV-B treatments have been probed to modify the synthesis of a wide range of volatile and non-volatile secondary metabolites [6], which have been explained in most cases as a defense response to damage. Accordingly, it was proposed that the synthesis of phenolic acids is triggered by UV-B radiation [7] . In this regard, UVR8 (UV Resistance Locus8) has been identified as a UV-B specific photoreceptor in plants [8] . Many of the responses to UV-B involve the regulation of gene expression pertaining to plant photomorphogenic responses and phenylpropanoid pathway enzymes. However, there is a distinct lack of data regarding the effects of UV-B on the plant biomass of the studied species.
The main objective of this work was to quantify for the first time the major phenolic acids from lavandin var. super and to elucidate the implication of increasing doses of UV-B on both the plant growth and the biosynthesis of some of the most interesting non-volatile natural products, along with the antioxidant activity of the plant extracts. In our work we hypothesized that an ambient level of UV-B radiation additively promotes the accumulation of the main phenolics. Hence, we quantified the content of rosmarinic acid, chlorogenic acid, caffeic acid and ferulic acid as main phenolic acids according to previous reports [4] . By comparing the methanolic extracts of plants from outdoors pots with others grown under controlled conditions, we found that natural light conditions and enhanced doses of UV-B promoted the biosynthesis of polyphenols by measuring total polyphenol contents and the quantification of main phenolic acids (Tables 1-2 ). Furthermore, increasing doses of UV-B favored the accumulation of phenolic acids, with the exception of chlorogenic acid.
Higher amounts of superoxide radicals are generated in stressed plants due to stomatal closure with much less NADPH + H + consumed within the Calvin cycle for the fixation of CO 2 [9] . The strong increase in the reduction potential (ratio NADPH + H + to NADP + ) enhances -according to the law of mass action -the synthesis of highly reduced natural products, such as polyphenols. Although our results showed that the higher the doses of UV-B the higher was the total polyphenols content, on the other hand, they showed lower antioxidant capacity. The extracts obtained with light petroleum (lipophilic fraction) from lavender are mainly characterized by the presence of coumarins and, with the increase in the polarity of the solvents (hydrophilic fraction), other compounds such as phenolic acids and flavonoids are extracted [10] . Polyphenols seem to be predominant among non-volatile natural products in lavandin according to the much higher antioxidant activity of hydrophilic extracts comparing with lipophilic extracts. Nevertheless, although UV-B seems to promote biosynthesis of polyphenols, they showed decreasing antioxidant capacity probably due to their scavenging activity with superoxide radicals caused by this stress situation. Exposure to UV-B radiation may increase the concentration of epidermal flavonoids preventing oxidative damage [11] . We measured UV-B intensity every day at midday in outdoors conditions and we found that the intensity on sunny days was even higher than that fixed for the experiments (4.55 W/m 2 ). Therefore, it is concluded that UV-B doses were much higher in outdoors conditions than within the experiments. The promotion of the accumulation of natural products by UV-B treatments is in accordance with the statement that biodiversity of aromatic and medicinal plants is much higher under Mediterranean or semi-arid climate conditions compared with areas further north and these are much more pronounced in taste and are more aroma intensive [9] . On the other hand, the content of major phenolic acids like rosmarinic acid or caffeic acid is close to values described for other related species [12] . Elevated UV-B may induce the synthesis of enzymes from the metabolic routes of flavonoids [13] . However, its effects on growth, nitrogen metabolism, biomass, yields and product quality have been proved sometimes highly related to cultivar and/or chemotype [14] . Although lavandin is a commercial plant which has emerged from breeding and selection processes, our results showed a remarkable variability among individual plants regarding the content of major phenolic acids ( Table 2) . This fact has been documented in other related Lamiaceae species, such as Thymus sp. [15a] , though it has been more extensively documented regarding chemical composition of essential oil [15b,c]. Growing evidence suggests that methylation of DNA in response to stress leads to variation in phenotype and may generate nonspecific differences between individuals which may have adaptive significance [16] . This phytochemical plant to plant variability suggests that clonal lines of previously characterized plant material are advised to be used for experiments rather than material characterized only through species level. Nonetheless, our results suggest a strong influence of natural light radiation on natural products biosynthesis (Figure 1 ). Two groups clearly separated can be discerned when chromatographic areas of the 15 most representative compounds distinguishable in the chromatograms are statistically plotted by PCA. Plants grown in the absence of natural light radiation grouped no matter the daily doses of UV-B radiation. On the other hand, outdoors plants grouped well separated from experimental plants. The lowest amount of both total polyphenols and content of rosmarinic acid was achieved when plants grew without either natural UV-B radiation or artificial UV-B supplied by lamp (Table 2 ). Furthermore, the described promotion of polyphenols content under controlled conditions when plants face increasing doses of UV-B corresponds with higher biomass production ( Figure 2 ). Pots exposed daily to doses of 65 kJ/m 2 of UV-B showed significantly higher estimated biomass than lower doses and control pots. Increased amounts of ultraviolet-B (UV-B) radiation reaching the Earth's surface through stratospheric ozone depletion are expected to have a negative effect on plant responses. Though numerous studies have demonstrated these negative effects associated with damage to photosystem II (PS II) and decrease in chlorophyll concentration, among other effects [17] , different responses and even contradictory results can be found. Our findings show that lavandin plants are well adapted to high UV-B radiation environments even promoting their growth and secondary metabolism. Our results further support this plant as an alternative crop throughout the Mediterranean Basin since it is very well adapted to dry conditions and with very few pests described.
We concluded that lavandin could be a valuable source of nonvolatile natural products which can be in turn be promoted by enhanced doses of UV-B during short periods of time. Furthermore, the present results may be useful to promote lavandin cultivation beyond the use and production of essential oil.
Experimental
Plant material: Lavandin plant material was provided from Centro Agrario de Albaladejito (Cuenca, Spain). This included aerial parts of cultivated Lavandula x intermedia Emeric ex Loisel. 'Super' variety. This material was vegetatively propagated by cuttings in the Institute of Crop Sciences and Resources Conservation (INRES)-University of Bonn where experiments were conducted. Cuttings were placed in trays with a mixture of 1:1 sand/perlite in controlled greenhouse conditions at approximately 23ºC, 70% air humidity. Three months later, the rooted cuttings were transferred to 2L pots in which the different treatments took place. All pots were kept under outdoors conditions for 12 months before UV-B treatments.
Experimental design:
In order to establish inducible secondary compounds by UV-B radiation, 24 lavandin pots of about the same height and width with fully developed leaves were directly selected to conduct UV-B induction experiments. Plants were split into two different groups, one a control group and the other a radiation group. Plants in the control group were not subjected to direct UV-B irradiation during their growth, while the radiation group pots were subjected to daily doses as follows: group 1 to 32 kJ/m 2 /day, group 2 to 49 kJ/m 2 /day, and group 3 to 65 kJ/m 2 /day. After the daily application of their UV-B doses, pots returned to control conditions. Control conditions were defined as 14-h photoperiod (photosynthetic photon flux density, PPFD: 400 mol m -2 s -2 ) with a mean temperature of 20ºC and twice a week tap water supply. On the other hand, outdoor conditions corresponded to the weather conditions during July 2014 in Bonn (Germany) with 19.1ºC as the average temperature and 162.3 mm of rainfall registered. Furthermore, UV-B intensity was registered every day at midday during the course of experiments. In the 10 days during July 2014, UV-B intensity at midday was higher outdoors than in the experimental conditions, where it was set at 4.55 W/m 2 . Experiments were conducted for 31 days in July 2014.
Sampling and biomass estimation:
At the end of the experiments aerial parts from each single pot were collected in order to conduct the extraction and determination of antioxidant activity, total polyphenols and quantification of major phenolic compounds. Furthermore, the biomass was estimated twice by an indirect determination during the experiments. The first estimation was carried out in the middle of the period and the second estimation at the end of the experiments. Morphometric measures such as major axis, minor axis and height was adopted according to the following equation: Y = [1425.2 x (H x D) 1 .426 ] x 0.45, where Y means estimated dry biomass (g), H means plant height and D means plant average diameter [18] .
Total polyphenol content and DPPH radical-scavenging activity:
Lipophilic and hydrophilic fractions were obtained by extraction with light petroleum and methanol, respectively. Extracts were obtained by stirring 2.5 g of freeze-dried, powdered, aerial parts with 10 mL of either methanol or light petroleum for 20 min with the aid of ultrasound-assisted extraction in an ultrasonic bath. The crude extract was then filtered through a Whatman no. 4 filter paper and evaporated under vacuum to dryness and stored at 4ºC until analysis. The content of total polyphenols was determined by the Folin-Ciocalteau method as described in [19a] . Tannic acid was used as standard and total polyphenol content was expressed as mg equivalents of tannic acid per g of dry extract. The scavenging activity of the stable DPPH radical was determined by the method described by [19b] . Samples (0.5 mL) were mixed with 2.5 mL of DPPH in methanol (0.044 mg/mL), incubated for 1 h at room temperature, and absorbance measured at 517 nm. The concentration of sample required to reduce 50% of DPPH radicals (IC 50 ) was determined by linear regression analysis.
Phenolic compounds identification and quantification:
Four major phenolic acids present in the samples according to [4b,c] were identified in relation to their UV spectra and retention times by comparison with those of standards. Samples were filtered through a 0.45 µm membrane filter. Phenolic compounds analysis was carried out using an Agilent Technologies 1260 Infinity series liquid chromatograph (RP-HPLC) coupled with a diode array detector (DAD). The separation was carried out on a 250 x 4.0 mm, 5 µm Eurospher 100-C18 reverse phase column (Vertex, Boston, MA) at 25ºC. The flow rate was kept at 0.7 mL min -1 . The mobile phase consisted of water containing 0.1% formic acid (Solvent A) and acetonitrile containing 0.1% formic acid (Solvent B). The solvent gradient in volumetric ratios of solvent A was as follows: 0-3 min, 90-85% A; 3-8 min, 85-75% A; 8-10 min, 65% A; 10-15 min, 65-45% A; 15-40 min, 45% A. Detection wavelength was set at 245 nm. Analyses were performed in triplicates.
Statistical analysis:
Data were analyzed according to One-Way ANOVA using the statistical program package STATISTICA. Means comparison (replicas ± SD) was calculated using Tukey´s test. Descriptive exploratory multivariate analysis i.e., Principal Component Analysis (PCA) was applied to examine the interrelationships between different experimental treatments. PCA was performed with areas of the 15 most representative compounds of the HPLC chromatogram.
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